The objective of this study was to evaluate the animal performance, carcass characteristics and meat quality of F1 Angus-Nellore steers and heifers, feedlot finished with high degree of subcutaneous fat deposition. The experimental design was completely randomized, with two treatments (steers and heifers) and 11 replicates (animals). Twenty-two bovines with initial age of 18 months of age, 11 steers and 11 heifers, with initial body weight of, respectively, 354.86±43,66 and 353.82±39,80 kg were used. The animals were finished in confinement (114 days) with a diet containing 200 g kg -1 of corn silage and 800 g kg -1 of concentrate composed mainly of corn grain and soybean meal. The dry matter intake (9.42 vs. 9.24 kg day -1 ), mean daily weight gain (1.44 vs. 1.38 kg day -1 ), feed conversion (6.49 vs. 7.05 kg of dry matter kg -1 of weight gain), hot carcass weight (284.62 vs. 268.16 kg) and the subcutaneous fat thickness (12.09 vs. 13.05 mm) were similar between steers and heifers (respectively). The hot carcass yield was higher (P < 0.05) for steers (58.14 vs. 55.53%). The steers presented a higher proportion of the forequarter (39.26 vs. 37.53%), while heifers had a higher proportion of pistol cut (49.87 vs. 48.85%). The meat of steers showed darker color (P < 0.05). The shear force of the meat and marbling score did not differ between sexual conditions, with mean values of 5.43 kgf cm -2 and 10.14 points (median), respectively. Except for the proportion of primary cuts, carcass yield and meat color, F1 Angus-Nellore heifers present similar animal performance, carcass and meat characteristics in relation to steers, feedlot finished with high degree of subcutaneous fat deposition.
Introduction
Brazil is one of the largest producers and exporters of beef and needs to meet the global demand for beef in the coming decades. However, the low price paid for Brazilian beef in the international market is little discussed, even in the national literature. Although domestic and international prices reflect the low cost of production (primarily pasture production) and the large supply (the world's largest commercial herd), Brazilian meat has difficulty accessing markets that offer better prices (e.g., European Union, United States, and Japan) (ANUALPEC, 2017) . This limitation is associated with animal diseases (especially foot-and-mouth disease) and the low quality of Brazilian beef, which is partly due to the high level of Zebu genes in the herds (80% of the national herd has Bos indicus genes) (FERRAZ; FELÍCIO, 2010) . In addition, Silva et al. (2012) reported that seasonality in forage production and lack of nutritional planning are the primary obstacles for increasing the productivity and quality of Brazilian beef and result in older slaughter age and a small amount of carcass fat.
Among the technological alternatives to improve productivity and the insertion of Brazilian beef in the international market, what is important for the maintenance of prices in the domestic market, we can highlight the industrial crossbreeding and the feedlot finishingt. The British breeds, especially the Aberdeen Angus, are the most used in industrial crossing with Zebu because of the precocity of finishing and meat quality (THRIFT et al., 2010) . However, the high productive performance of this cross requires differentiated nutritional conditions to avoid compromising investments in genetics and breeding strategies. In this context, confinement is an excellent option by allowing better control of the food supply (quantity and quality) and nutrient consumption compared to animals finished on pasture, among other advantages. In addition, high-grain and/or concentrated diets allow using this technology in regions with low capacity for producing high-quality forage (MISSIO et al., 2017) .
In industrial crossbreeding, males and females are slaughtered, except in cases in which the use of the maternal heterosis of F1 females is desired.
Although there are already quality payment programs in Brazil that allow similar remuneration between males and females, the marketing price of females is usually 10-15% lower than for males (PASCOAL et al., 2011) . Studies with sexual classes are not new in the literature (VAZ et al., 2010a; PACHECO et al., 2011; ARANHA et al., 2018) . However, the number of studies with sexual classes from the industrial crossbreeding in tropical conditions is incipient, notably between Aberdeen Angus and Nellore, the main breeds used in crossbreeding in Brazil.
The objective of this study was to evaluate the feedlot performance and carcass and meat characteristics of F1 Angus-Nellore steers and heifers with high degree of finishing.
Materials and Methods
The procedures used in this study were approved by the Animal Research Ethics Committee of the Federal University of Tocantins (Protocol Nº 213101.004264/2015-94).
The study was performed between July and September 2014 in the Centro Tecnológico da Cooperativa Agroindustrial dos Produtores Rurais do Sudoeste Goiano (CTC-COMIGO) located in the municipality of Rio Verde, Goiás, Brazil. Twentytwo crossbred F1 Angus-Nellore cattle (11 steers and 11 heifers) with a mean initial age of 18 months and initial mean body weight of 354 ± 39 kg were used. The experimental design was a completely randomized design with two treatments (steers and heifers) and 11 replicates (animals).
The animals, offspring of primiparous Nellore cows inseminated with Aberdeen Angus semen, were weaned at the age of 9 months and reared on Panicum maximum cv. massai pasture with supplementation (0.7% of live weight). Males were surgically castrated at the age of 13 months. At the age of 18 months, males and females were confined in individual stalls (10 m 2 ), partially covered with concrete floor and containing individual water dispensers and troughs. Before the beginning of the study period (93 days), the animals were treated for helminth infections and underwent a 21-day period of adaptation to the facilities and the confinement diet. Animals were weighed at the beginning and end of the study period after 16-hour food fasting.
The animals were fed once daily (at 11:00 a.m.) with a diet containing 200 g of corn silage kg -1 of dry matter and 800 g of concentrate kg -1 of dry matter (Table 1) . Food and leftovers were weighed daily, and feed was provided ad libitum. The leftovers were kept at 5% of the food supply. Samples of feed and leftovers were collected weekly, identified, and pre-dried in an oven with air ventilation forced to 55 o C for 72 hours. (1995) . The neutral detergent fiber (NDF) content was determined according to Van Soest et al. (1991) . Total carbohydrates and non-fibrous carbohydrates (NFC) were determined according to Sniffen et al. (1992) using the equations: CT = 100 -(CP + EE + MM) and NFC = 100 -(CP + EE + MM + NDF). The composition of the diets is shown in Table 1 .
The animals were slaughtered in a commercial slaughterhouse with Federal Inspection System following the regular schedule of the slaughter line. The carcasses were labeled, divided in half, washed, and weighed. After that, the carcasses were cooled (0 o C) for 24 hours. The carcass conformation was evaluated on the left half-carcass considering the following classes (1-3, concave; 4-6, sub-rectilinear; 7-9, rectilinear; 10-12, subconvex; 13-15, convex; and 16-18, hyperconvex) was determined on the basis on the muscle profile. The physiological maturity (1-3 points, >8.0 years; 3-6 points, 5.5-8.0 years; 7-9 points, 4.0-5.5 years; 10-12 points, 2.5-4.0 years; 13-15 points, <2.5 years) was determined on the basis of the degree of ossification of the spinal processes of the thoracic vertebrae according to the methodology of Müller (1987) . The carcass yield was obtained by the ratio between the carcass weight and final body weight.
The left half of the carcass was separated into primary cuts, where the forequarter was separated from the pistol cut and short ribs between the 5 th and 6 th rib bone, including neck, shoulder, arm, and five ribs. Through the rib cut at 22 cm of the vertebral column, the pistol cut was separated from the short ribs, which included the ribs from the sixth bones on, plus the abdominal muscles.
The right half-carcass was cut between the 12 th and 13 th ribs to expose the Longissimus lumborun muscle, the tissue contour was traced in tracing paper, and the area was measured using the ImageJ software. In the same region, subcutaneous fat thickness (SFT) was determined by the arithmetic mean of three measurements. In the cranial portion of the Longissimus lumborun muscle, which was removed between the 10 th and 12 th ribs, the following parameters were evaluated subjectively: amount of intramuscular fat (1-3, traces; 4-6, slight; 7-9, small; 10-12, modest; 13-15, moderate; and 16-18, abundant) , color (1, intense dark red; 2, dark red; 3, slightly dark red; 4, red; and 5, bright red), and texture (1, very coarse; 2, coarse; 3, slightly coarse; 4, fine; and 5, very fine) according to the methodology proposed by Müller (1987) . The temperature and pH of the carcasses after 24 hours of slaughter were measured in the Longissimus lumborun muscle at the height of the 12 th rib using a Testo 205 portable digital pH meter.
A portion of the Longissimus lumborun muscle (between the 12 th and 13 th ribs) was collected in the right half-carcass to determine the shear force and chemical composition of the meat. The Longissimus lumborun muscle was properly packed and labeled and then frozen at -20 °C. Two beef cuts (Nos. 1 and 2) from frozen samples were cut, including 2.54 cm of the cranial portion, perpendicular to the muscle fibers. Subsequently, the samples were weighed, sealed in plastic bags, and thawed in a domestic refrigerator at 4 ºC for 24 hours. After thawing, beef cut No. 1 was again weighed to determine the thawing loss. The cuts were placed in an aluminum pan and baked in an electric oven until the internal temperature reached 70 °C. The temperature was monitored using a heat-resistant probe coupled to a thermometer (Data Logger Testo 176T4). Beef cut No. 1 was weighed after cooling at room temperature. The difference between the initial and final weight of each beef cut corresponded to the cooking loss. The samples used to determine the cooking loss were packed in polyethylene and refrigerated for 24 hours at 4 °C to determine the shear force. For this purpose, six 1 cm 2 -muscle bundles (cylinders) were cut from each beef perpendicular to the muscle fibers and analyzed using a Warner-Bratzler Shear® texturometer.
Beef cut No. 2 was thawed at 4 °C for 24 hours. After that, the samples were ground using a domestic grinder and pre-dried in a greenhouse with forced air circulation at 55 °C for 72 hours. The moisture content was determined after heating the samples in a forced air circulation oven at 105 °C for 72 hours. The ash content was determined by muffle incineration at 600 ºC for 4 hours. CP and EE were determined according to the methodology described by AOAC (1995) .
The data were subjected to analysis of normality and homogeneity of variance. The data with normal distribution were subjected to analysis of variance, and an F-test was used to compare the means. The Kruskal-Wallis test was performed to compare the means for non-parametric variables. Statistical analyses were performed using the SISVAR software version 5.3 (FERREIRA, 2011) at a level of significance of 5%. The general equation used was:
where Y ij is the dependent variable, µ is the overall mean, T i is the effect of treatments, and € ij is the experimental error.
Results and Discussion
The dry matter intake (DMI), expressed in kg day -1 and g kg -1 of body weight, was not significantly different (P > 0.05) between steers and heifers ( Table 2) . These results were similar to those obtained by Fernandes et al. (2007) and , whereby the DMI of steers was similar to that of young bulls and heifers whereas the DMI of heifers was lower than that of young bulls. These authors suggest that DMI variations between young bulls and heifers are due to the difference in sexual maturity, and this difference did not occur between steers and heifers, as observed in the present study (Table 3 ). According to the NRC (1996), the degree of sexual maturity has a strong effect on food consumption, and the increase of 1% in body fat determines a decrease of 2.7% in DMI. According to the NRC (1996), heifers are physiologically older than males at a given age and weight range, and consequently may ingest less feed. The average daily gain (ADG) and final body weight (FBW) were not significantly different (P > 0.05) between steers and heifers, which is attributed to a similar DMI (Table 2) . These results are consistent with those reported by Fernandes et al. (2007) and Paulino et al. (2008) , wherein productive performance was not significantly different between finishing steers and heifers. However, similar productive performance between steers and heifers is not a consensus in the literature. Marcondes et al. (2008) found that the ADG of steers of a genetic group similar to that of this study or Nellore steers was 22.3% higher than that of heifers, and this result was associated with a higher percentage of fat in heifers relative to steers. In this context, the NRC (2000) indicates that the ADG of steers is 20% higher than that of heifers because of differences in sexual maturity between these animal groups at the same age and/or body weight. Body condition was not significantly different (P > 0.05) between steers and heifers, which is attributed to a large extent to the similar ADG ( Table 2 ). The NRC (1996) notes that higher rates of weight gain lead to higher rates of body fat deposition. In addition to the weight gain rates, the experimental diet, which contained a high percentage of concentrate (80% of the DM), together with the effect of the Aberdeen Angus genotype, characterized by early slaughter age, resulted in high rates of fat deposition and similar filling of the interstitial space with adipose tissue between muscle tissue and endodermis in the study period. It should be noted that the sequence of fat deposition in the carcass is intermuscular fat, subcutaneous fat, and intramuscular fat (Di MARCO, 1998) . The filling of the interstitial spaces in the muscle tissue and between the muscle tissue and endodermis represents a physical limitation for the deposition of intermuscular and subcutaneous fat, respectively, resulting in an increase in the rate of marbling deposition, which is limited by the number adipocytes and the space between these cells (BERG; BUTTERFIELD, 1976) .
Feed conversion (FC) was not significantly different (P > 0.05) between steers and heifers, which is explained by the similar DMI and ADG of these animals (Table 2) . Among young animals, differences in FC were reported between young bulls and heifers; however, there were no significant differences in FC between steers and heifers (FERNANDES et al., 2007; MARCONDES et al., 2008; PAULINO et al., 2008) . FC indicates the cost of production and, consequently, profit margin. These results demonstrate that heifers can be used for meat production in intensive production systems. However, it is of note that the price of heifers is 10-15% lower than that of steers (PASCOAL et al., 2011) . Therefore, the use of heifers is in line with market requirements, especially in markets demanding high-quality meat. The use of Aberdeen Angus in commercial crosses is relevant because of the positive effect of these crosses on the quality of carcass and meat (THRIFT et al., 2010) , which is reflected on the commercialization price of heifers, and prices can be similar to that of steers in qualitybased payment programs (FLORES, 2016) .
The hot carcass (HCW) and cold carcass weight (CCW) were not significantly different (P > 0.05) between steers and heifers, which can be attributed to the similar slaughter weight and carcass finishing (Table 3) . These results were similar to those reported by Fernandes et al. (2007) , wherein there were no significant differences in carcass weight between Canchim steers and heifers finished in confinement. In contrast, Marcondes et al. (2008) found that the carcass weight of Nellore heifers was smaller than that of castrated and uncastrated males, and this result was attributed to differences in slaughter weight due to different growth rates between the sexes (lower in heifers). These results and those of other studies (FERNANDES et al., 2007; PAULINO et al., 2008) demonstrate that there are no significant differences in carcass weight or empty body weight between finishing heifers and steers with similar slaughter weight. These aspects should be considered for adequate management of heifers finished in confinement. In addition, the genetic group and energy level of the diets seem to be important because in Nellore animals fed with less energetic diets (32% and 38% of concentrate in the diet), the productive performance and carcass weight of heifers may be lower than that of steers (MARCONDES et al., 2008) .
The hot carcass (HCY) and cold carcass yield (CCY) were significantly higher (P < 0.05) in steers than in heifers (Table 3) . Considering the similar FBW and subcutaneous fat thickness (SFT) of the animals, the results suggest that heifers had higher participation in non-carcass components, especially visceral fat, whose deposition occurred later than other body fats (BERG, BUTTERFIELD, 1976) . Vaz et al. (2010b) evaluated the factors associated with carcass yield in young steers and heifers and demonstrated that the lower carcass yield of heifers was due to the higher percentage of hide, inguinal fat, digestive tract, and udder relative to the fat layer of steers. Nonetheless, these authors indicated that heifers had a lower slaughter weight than steers (310.3 vs. 365.8 kg), which may have contributed to the obtained results.
These results are in line with those obtained by Marcondes et al. (2008) , whereby HCY and CCY were similar between young bulls, steers, and heifers. The differences between our results and those of Marcondes et al. (2008) may be related to the carcass finishing because the SFT in the present study was almost twice that of the animals from the aforementioned study (6.24 mm). Similarly, Fernandes et al. (2007) found that HCY was similar between steers and heifers because of the similar slaughter weight and carcass weight between the sexes. It is worth noting that the SFT determined by Fernandes et al. (2007) was not high (5.06 mm), indicating that the amount of visceral fat and trim fat was not very high.
The SFT was not different (P > 0.05) between steers and heifers, which can be attributed to the similar ADG and slaughter weight of the animals (Table 3 ). The SFT values exceeded the maximum value required by slaughterhouses (6 mm). Excess fat cover in carcasses may reduce the profit margin of the carcass because excess fat is removed during carcass processing. In this context, the increase in the amount of trim fat represents an increase in the production cost because the producer is not remunerated by this tissue, which demands a higher amount (2.25 times) of feed relative to muscle tissue, which is removed in small amounts during carcass processing. Considering the high SFT (13.05 mm) and CCW of heifers (265.90 kg), which were much higher than the minimum required by slaughterhouses (3 mm and 225 kg, respectively), it can be inferred that F1 Angus-Nellore heifers fed diets with a high proportion of concentrate can be slaughtered with a lower body weight. In this respect, lower slaughter weight may result in less body fat deposition, especially trim fat, with consequent reduction of food consumption and feed cost.
These results are similar to those obtained by Fernandes et al. (2007) , wherein there were no significant differences in the SFT between steers and heifers fed in confinement for 105 days with diets containing 60% of concentrate and slaughtered at 18 months. These authors attributed the similar SFT to the high energy value of the diets and the effect of the Canchim breed, which is characterized by the earlier deposition of subcutaneous fat compared to continental European breeds. Similarly, Marcondes et al. (2008) found no significant differences in the carcass finishing between steers and heifers fed for 105 days in confinement. These results were also corroborated by Paulino et al. (2008) , in which the SFT was similar between steers and heifers fed diets containing 23.5% or 45.2% of concentrate because of the similar sexual maturity of the animals.
The physiological maturity of the carcasses was not different (P > 0.05) between steers and heifers (Table 3) . Males and females received the lowest scores (13-15 points, corresponding to <2.5 years) according to Müller's methodology (1987) , which classifies carcasses by cartilage ossification. The similar physiological maturity of carcasses between steers and heifers may be associated with the early slaughter age (21 months), which may have prevented identifying significant differences in cartilage ossification. Vaz et al. (2010a) found no significant difference in the sexual maturity between Braford steers (13.7 points) and heifers (13.5 points) aged 14 months and finished on summer pasture (Pennisetum purpureum), despite the sex differences in slaughter weight. Similarly, Pacheco et al. (2011) reported that there were no significant differences in sexual maturity between Charolais steers (13.2 points) and heifers (13.4 points) aged 20 months fed diets containing 50% concentrate and finished in confinement.
The carcass conformation and Longissimus lumborun area (LDA) were not different (P > 0.05) between steers and heifers (Table 3) . These results indicate a similar degree of muscular development between the sexes, which is explained by a similar degree of sexual maturity and carcass weight. These results are partially similar to those of Vaz et al. (2010a) , who found no significant differences in carcass conformation between steers and heifers. However, these authors reported that the LDA of steers was higher than that of heifers. In contrast, Marcondes et al. (2008) found no significant differences in LDA between steers and heifers. The carcass conformation and LDA are indicators of the muscle yield of the carcasses. In this respect, Marcondes et al. (2008) found no significant differences in muscle yield between steers and heifers and Pacheco et al. (2011) found no significant differences in muscle yield and edible portion (muscle + fat) yield of carcasses between these two sexual classes. These results are relevant because they indicate that there is no significant difference in the yield of the edible portion of heifer carcasses relative to male carcasses. In practice, the lower yield of the edible portion of the carcass is used by slaughterhouses to justify the lower price paid to heifer carcass, which is a promising marketing strategy because the consumer cannot identify the sex of the animals from secondary commercial cuts, allowing charging a higher price for heifer meat.
The forequarter yield was higher (P < 0.05) in the steers, while the pistol cut yield was higher in the heifers (Table 3) . These results can be attributed to sexual dimorphism, in which the development of the thorax muscles is higher in males than females whereas the development of the round muscles is higher in females than males (BERG; BUTTERFIELD, 1976) . In contrast, the short ribs yield was not different between steers and heifers, which can be attributed to the similar slaughter weight and carcass finishing. Previous studies have demonstrated that the short ribs yield is high because of the increase of fat deposition in the carcasses (COSTA et al., 2002; ARBOITTE et al., 2004) . These results are consistent with those of Pacheco et al. (2011) , wherein steers tended to have a higher forequarter yield whereas heifers tended to have a higher yield pistol cut. Similarly, Aranha et al. (2018) evaluated Guzerá animals finished on Urochloa brizantha cv. Marandu and found that steers presented a comparatively higher forequarter yield whereas heifers had higher yield of hindquarter. In contrast, Vaz et al. (2010a) evaluated Braford animals fattened on pasture of Lolium multiflorum + Avena strigosa and finished on pasture of Pennisetum purpureum and found that there was a tendency of higher forequarter yield in steer, higher short ribs yield in heifer, and a similar yield of hindquarter cuts between the sexes, and these results may be related to the higher slaughter weight of steers. It is worth noting that the higher pistol cut yield gives females commercial advantage because the most valued secondary commercial cuts are located in the hindquarter.
The initial and final temperature (24 h after slaughter) of the carcass was similar (P > 0.05) between steers and heifers (Table 4 ). These results may be because of the high and similar SFT values between the sexes. This variable has an essential protective function during carcass cooling, preventing the rapid decrease in internal temperature and the shortening of muscle fibers, and avoiding cold burning and excessive water loss (MÜLLER, 1987; SAVELL et al., 2005; MAGGIONI et al., 2012) . It is of note that the final temperature (4.32 ºC) of the carcasses was lower than the recommended maximum (5 ºC) adopted to ensure the microbiological quality of the meat (DAVE; GHALY, 2011). There was no significant difference in the final pH (24 hours after slaughter) between steers and heifers (Table 4) , indicating that the pre-slaughter muscle glycogen content was not limiting because the pH values of the carcass were below the threshold value (6.0). Values higher than 6.0 may result in the development of dark, firm, and nonexudative meat (ALVES et al., 2005) . The carcass pH is a result of the release of protons (H + ) during glycolysis, when glycogen is used as fuel to produce anaerobic energy during muscle metabolism after death (HOCQUETTE et al., 1998; ROBERGS et al., 2004) . High pH values were reported in the carcass of uncastrated males, which was associated with the depletion of muscle glycogen due to animal stress when kept in herds before slaughter (KUSS et al., 2009) . Page et al. (2001) evaluated 1,000 bovine carcasses and found that pH in the carcass of bulls was higher than that of steers and heifers; nonetheless, there were no significant differences in this characteristic between steers and heifers. The decrease in pH is relevant because it favors enzymatic proteolysis and meat tenderness (HUFF-LONERGAN; LONERGAN, 2005) . In contrast, higher pH results in a lower oxidation-reduction potential, reducing the formation of myoglobin, which is essential for producing an attractive color (bright red) (ABRIL et al., 2001) .
Steers presented meat with a darker color relative to heifers (P < 0.05), although the hue was the same (slightly dark red) according to the methodology used (MÜLLER, 1987) (Table 4) . These results were not expected because there were no significant differences in carcass pH, and meat color is primarily associated with animal age because the concentration of myoglobin increases with advancing age (OURY et al., 2009 ). In addition, these results are not consistent with previous findings (VAZ et al., 2010a; PACHECO et al., 2011; ARANHA et al., 2018) , which found no significant differences in meat color between steers and heifers. Notwithstanding, Page et al. (2001) found that heifer meat was darker than steer meat, suggesting that the effect of animal gender on meat color may be due to the effect of fat thickness on muscle. In the present study, it was not possible to identify the factors that improved the color of heifer meat. However, it should be emphasized that color is the main determinant of meat purchase because darker colors are associated with meat deterioration, and the improvement in this characteristic also benefits final sellers, achieving higher sales (MISSIO et al., 2010) .
Meat marbling was similar (P > 0.05) between steers and heifers (Table 4 ). These results may be due to the high rates of weight gain and a large amount of carcass fat because, as with other body fats, intramuscular fat deposition may have a physical limitation associated with the number of adipocytes and the spaces between these cells (BERG; BUTTERFIELD, 1976) . Aranha et al. (2018) observed that the amount of meat marbling was similar between steers and heifers, which was attributed to the energy level of the diets. In contrast, Pacheco et al. (2011) found that meat marbling was similar between cows and steers and higher than that of heifers, and this result was attributed to the higher carcass weight of the former two categories relative to heifers. Nonetheless, these authors found no significant differences between these animal groups when marbling content was expressed as a function of CCW. In contrast, Vaz et al. (2010a) found that marbling content was higher in Braford heifers than in steers of the same genetic group slaughtered at 14 months, demonstrating that earlier fat deposition in heifers is evidenced at younger ages.
The shear force of the muscle fibers was not significantly different between steers and heifers (Table 4) , and the obtained values (5.13-5.73 kgf cm -2 ) correspond to tender meat because values smaller than 6.00 kgf cm -2 indicate meat tenderness (SHACKELFORD et al., 1997) . The similar tenderness between steer and heifer meat, measured by the shear strength of muscle fibers, may be associated with the similar slaughter age, which is the main determining factor for the increase of connective tissue and insoluble collagen, which increase with advancing age and reduce tenderness (CRANWELL et al., 1996) . Pacheco et al. (2011) found no significant differences in meat tenderness between steers, heifers, and cull cows. These authors attributed the similar values between cull cows and the other categories to the synthesis of unstable collagen during weight gain, as occurs during compensatory gain, resulting in a low percentage of stable collagen relative to total collagen, which contributes to the high tenderness of the meat. Similarly, Vaz et al. (2010a) and Aranha et al. (2018) found no significant differences in meat tenderness between steers and heifers. Differences in meat tenderness between males and females of the same age can be expected when uncastrated males are used because young bulls have a higher collagen content in the meat compared to heifers, and the same occurs in older animals compared to younger animals (BUREŠ; BARTOŇ, 2012).
Thawing loss, cooking loss, and total water loss were not significantly different (P > 0.05) between steers and heifers (Table 4 ). These results can be attributed to the similar carcass fat and marbling content, which represent physical barriers to water loss, and a similar meat pH. Similar results were obtained by Vaz et al. (2010a) and Pacheco et al. (2011) , wherein there were no significant differences in water loss during carcass processing of steers and heifers, which was mainly attributed to the similar fat content in the carcass (especially SFT and marbling content) and similar stress levels of the animals before slaughter. Pre-slaughter stress can decrease meat pH and the water-holding capacity. The presence of water in muscle tissue is a result of the water-holding capacity of muscle proteins, particularly myofibrils, which bind large amounts of water to polar groups via hydrogen bonds, and water concentration in the muscle is decreased as the polar groups are blocked. Therefore, the faster the post-mortem glycolysis, lower is the pH and the water-holding capacity (HUFF-LONERGAN; LONERGAN, 2005) .
Meat texture was not significantly different (P > 0.05) between steers and heifers (Table 4 ). Meat texture refers to the granulometry of muscle fibers, and its variation is highly dependent on animal age so that meat texture in younger animals is finer and softer than in older animals (MÜLLER, 1987) . These results are in line with those verified in the literature (VAZ et al., 2010a; PACHECO et al. 2011) , which found no significant differences in meat texture between steers and heifers.
The chemical composition of the meat was not significantly different (P > 0.05) between steers and heifers, which may be strongly associated with the similar carcass finish and marbling content ( Table  5 ). The similar carcass finish indicates the similar sexual maturity between animals of both sexes, and consequently a similar amount of carcass fat. The content of ether extract (EE), the most variable component of meat, is directly related to the amount of carcass fat (ABRAHÃO et al., 2005) . In contrast, the moisture content depends on the intramuscular fat content because the adipose tissue retains less water than muscle fibers (PRADO et al., 2008) . The protein and mineral content of the meat is the least variable parameters, and the obtained results are justified by the similar physiological maturity of the carcass and similar meat marbling because the protein and mineral content of muscle tissue is higher than that of adipose tissue. Bureš and Bartoň (2012) evaluated the chemical composition of the meat of young bulls and heifers and found that the higher percentage of muscle in the former resulted in a higher moisture and protein content, whereas heifer meat had a higher content of EE because of the relatively higher fat content in the carcass. These results are similar to those reported by Aranha et al. (2018) , wherein there were no significant differences in the chemical composition of meat between steers and heifers. The similar chemical composition of the meat between the sexes reinforces the importance of females for beef cattle production, in which F1 heifers from the industrial crossing Aberdeen Angus × Nellore presented a similar productive potential, and the nutritional quality of the meat was similar to that of steers.
Conclusion
In conditions of improved carcass finish, heifers from the F1 generation of the Aberdeen Angus × Nellore commercial cross had a productive performance and physical-chemical quality of the meat similar to that of steers with equivalent body weight and subcutaneous fat thickness. However, heifers produced meat with better color than steers.
